Ammonia Nitrogen, VFA and Digestibility Analyses. After the final gas collection 161 at the end of the incubation periods, incubation bottles were opened. The contents from 162 each bottle were transferred to Nalgene bottles and frozen at -20°C to stop fermentation and 163 be stored until further analysis. Three days later, the frozen bottles were thawed and the 164 contents were separated into liquid and particulate fractions by centrifuging at 1,400 x g for 165 10 min using a C-6000 centrifuge (International Equipment Company, Needham Heights, 166 MA). The liquid fraction was further prepared for analysis of VFA and NH 3 -N. Preparation 167 included freezing the liquid at -20°C for 3 d, thawing, and centrifuging it at 1,400 x g for 15 168 min. Then, 5 ml of the supernatant was pipetted into 15-ml tubes. A 25% metaphosphoric 169 acid solution was prepared and 1 ml was added to the tubes. Tubes were sealed, vortexed,
170
and frozen at -20°C. Twenty-four hours later, samples were thawed, centrifuged at 1,400 x 171 g for 20 min, and 1.5 ml of the supernatant was transferred into vials for analysis of VFA 172 by gas chromatography (Varian, Inc., Santa Clara, CA) using a flame ionization detector 173 and a capillary column (CP-WAX 58 FFAP 25 m 0.53 mm, Varian CP7767). The oven 174 temperature was set at 100°C and was held for 1 min. Temperature was then increased to 175 120°C and was held for 7 min. Injector and detector temperatures were set at 170 and 176 175°C, respectively. Sample injection volume was 1.0 µL. Nitrogen was the carrier gas set 177 at a flow rate of 20 ml/min. Analysis of NH 3 -N was performed according to the procedure 178 described by Broderick and Kang (1980) using a Beckman DU-600 spectrophotometer at 179 620 nm (Beckman Coulter, Inc., Brea, CA).
180
The particulate fraction, composed mainly of undigested substrate and microbial 181 organic matter, was dried in a forced-air oven at 55°C until constant weight for 
RESULTS AND DISCUSSION

204
Experiment 1
205
Animal performance data showed that there was no effect of the experimental 206 treatments on DMI expressed as kg/d or as a percentage of the BW (P ≥ 0.087; Table 2 ).
207
Regarding development and growth, data revealed that initial BW was similar for all 11 treatments (P = 0.56); whereas, final BW was greater (P = 0. which differs from our results.
223
The cost to gain 1 kg of BW was similar (P = 0.31) across all treatments.
224
Nevertheless, the alternative diets CAN and SUN yielded lower (P < 0.001) cost per head 225 per day when compared to SBM. Considering SBM as reference, the daily feeding cost per 226 animal was reduced up to 9.7% with the use of the alternative diets.
227
Experiment 2
228
Regression analysis revealed a quadratic (P < 0.001) effect for total gas production 229 over the incubation period (Table 4) . Moreover, gas production was highest for SBM and
230
CAN, and lowest for SUN (P = 0.002; was not influenced by treatments (P = 0.308), but there was a quadratic (P < 0.001) effect 235 for incubation time (Table 4) . Across treatments, NH 3 -N was greatest (P < 0.001) when the 236 incubations lasted 48 h, followed by the 24 h time period, and it was least for either the 12, 237 6, or 0 h time periods (data not shown).
238
No differences (P = 0.185) were found across treatments regarding total VFA 239 production, however, this trait increased in a quadratic manner (P < 0. greatest fraction C among all treatments (Table 6 ).
266
The assessment of caloric values of the original diets, the digested residues, and the SBM and CAN (P = 0.02). Additionally, IVDMD was highest for SBM (P < 0.001).
25
Regression analysis showed that most of the evaluated traits followed a quadratic trend for 
145
Collection and Analysis of Gases. Collection of fermentation gases were conducted 146 at 3-hour intervals using a water displacement method. This method consisted of inserting 147 22-gauge needles into the incubation bottle and into a water-filled bottle connected to a 148 three-way valve and a 60-ml syringe. During gas measurement, the valve was directed to 149 allow gas to flow from the incubation bottle to the 60-ml syringe. Gas pressure moved the 150 syringe plunger until pressure was equilibrated. The incubation bottle was swirled to allow 151 gas to escape. Once the plunger stopped moving during swirling of the septum bottle, gas 152 pressure was equilibrated and the syringe reading was recorded. The valve was then turned 153 to direct the collected gas into the water-filled bottle. During this procedure, an extra 22-154 gauge needle was inserted into the water-filled bottle to allow displacement of water and pg. 9 capture of gas inside the bottle. The apparatus was then disconnected and the water 156 displacement bottle was stored upside down until analysis of its gas content.
pg. 10 175°C, respectively. Sample injection volume was 1.0 µL. Nitrogen was the carrier gas set 180 at a flow rate of 20 ml/min. Analysis of NH 3 -N was performed according to the procedure 181 described by Broderick and Kang (1980) using a Beckman DU-600 spectrophotometer at 182 620 nm (Beckman Coulter, Inc., Brea, CA).
183
The particulate fraction, composed mainly of undigested substrate and microbial 184 organic matter, was dried in a forced-air oven at 55°C until constant weight for There was no effect of the experimental treatments on DMI expressed as kg/d or as 209 a percentage of the BW (P ≥ 0.087; Table 2 ). Regarding development and growth, data 210 revealed that initial BW was similar for all treatments (P = 0.56); whereas, final BW was supplemented with either sunflower meal or soybean meal. Nevertheless, one important 218 observation is that those authors used sunflower meal containing 37% CP, whereas, the one 219 used in our study had 32.5% CP. Feed efficiency, expressed as gain:feed ratio, was greatest 220 in SBM (P = 0.02), lowest in SUN, with CAN being intermediate ( Table 2) . Rule et al.
221
(1994) conducted 2 feeding trials using corn silage as roughage and canola meal or soybean 222 meal as the protein sources. They found similar gain:feed ratio in cattle fed either soybean 223 meal or canola meal. A study by Stake et al. (1973) reported similar feed efficiency for 224 weaned calves fed sunflower or soybean meals, which differs from our results.
225
The cost of gain was similar (P = 0.31) across all treatments. Nevertheless, the 226 alternative diets CAN and SUN yielded lower (P < 0.001) cost per head per day when pg. 12 pg. 13
Regarding the molar proportions of VFA, a treatment effect (P ≤ 0.03) was 251 observed on production of acetate, propionate, isovalerate, and valerate (Table 3) the acetate:propionate ratio followed a quadratic trend (P ≤ 0.02) for incubation time.
258
As observed for several other traits, IVDMD increased in a quadratic (P < 0.001)
259
manner as incubation time was extended (Table 4 and Figure 1 ). A treatment effect was 260 also observed, with SBM averaging the highest (P < 0.001) IVDMD, followed by CAN and 261 SUN (Table 3) . Dry matter degradation rate was different (P < 0.01) across treatments, with
262
SBM having the highest percentage per h, followed by CAN, and SUN (Table 6 ). However,
263
when comparisons were carried out by fraction, no differences were found (P = 0.10) for 264 the fraction A (immediately degradable), but distinct degradation rates (P < 0.01) were 265 observed in fraction B (degradable at a measurable rate), and C (which is the fraction 266 unavailable to ruminal degradation). In alignment with our other findings, SUN had the 267 greatest fraction C among all treatments (Table 6 ).
268
The assessment of caloric values of the original diets, the digested residues, and the 
